Background: Melanomas are typically malignant neoplasms commonly observed in the oral cavity of dogs. The classical presentation of melanomas with characteristic melanin pigmentation is easy to diagnose; however, in some cases, the lack of melanin production in the amelanotic oral tumors cause a delay in establishing the precocious diagnosis and consequent treatment. The aim of this report was to evaluate the histopathological and immunohistochemical aspects of an oral amelanotic melanoma with osteocartilaginous formation and metastasis in a dog, in a temporal way. Case: A 10-year-old male German Shepherd dog, presenting mouth bleeding with an amelanotic melanoma located between the upper incisors was received at the Veterinary Hospital of the Catholic University Dom Bosco (UCDB), Campo Grande, MS, Brazil. The animal was clinically evaluated and radiography was performed. The tumor was surgically removed and a sample was collected for histopathological examination that revealed spindloid and some epithelioid morphological cell types surrounded by a fibromatous matrix with moderate amounts of fibrovascular stroma. Approximately 1 month after surgical removal, recovery of the tumor was observed, and a second clinical analysis and collection of sample were performed. These procedures were repeated three times showing the same histopathological characteristics added by myxoid, chondroid, fibromatous tissue, and small groups of chondrocytes as well as central areas of irregular mineralized spicules. X-ray examination revealed proliferative and lytic bone infiltration in the jaw. Immunohistochemical analysis for melanocytic differentiation markers was performed showing positivity to Melan-A, tyrosinase and HMB-45 immunoreactivity, while no S100 reactivity was detected. After 11 months of the first biopsy, pleural effusion and radiopaque disseminated nodules of 1cm in the lungs were detected by X-ray. The animal died and necropsy was conducted. Multiple masses were observed in the lung and at the parietal pleura, suggesting lung metastasis by the positivity for Melan-A. Discussion: The dog was first diagnosed with fibromatous epulis based on the observation of fibroblastic tissue and spindle cells with intense vascularization associated to the site of the tumor and its macroscopic aspect. In the subsequent follow-ups the tumor displayed malignant characteristics observed by recurrence after each surgery, as the tumor returned even larger, aggressive, and infiltrative. From the second biopsy, the histopathological analysis showed the undifferentiated character of epithelioid neoplastic cells, demonstrated by the increase of cartilage and osteoid tissue and the mineral deposit. The phenomenon of the tumor stroma to form cartilage and bone is highlighted here because myxoid change and cartilage formation were frequently observed at the site where amelanotic spindle cells were actively proliferating. It is possible that neoplastic melanocytic cells themselves were involved in the development of the osteocartilaginous areas. Although no cytoplasmic melanin pigmentation was found in the tumor fragments, specific melanocytic markers for melanoma detected neoplastic melanocytes and unmelanized melanosomes. The positive reaction for Melan-A, HMB-45, and tyrosinase in the epithelioid, spindle, and cartilaginous cell groups of the neoplasia indicated amelanotic melanoma with osteocartilaginous differentiation. The negative HMB-45, S100, and tyrosinase expression in lung metastasis may be due to the fact that melanomas express aberrant markers and are also known to display occasional loss of their classic immunophenotype. Amelanotic melanoma can be underdiagnosed due to rapid progression of the tumor allied to the dedifferentiation ability of melanocytes. Thus, the follow up study of cell morphology and immunohistochemical analysis for melanogenic factors can be important determinants in diagnosis.
INTRODUCTION
Melanomas in the oral cavity are the most malignant neoplasm in dogs worldwide [3, 6] , in contrary to the occurrence rate (<2%) in humans [8, 15] . The clinical and histopathological aspects of mucosal melanomas in dogs are similar to humans based on the variety of cell morphologies, including epithelioid, spindloid, mixed epithelioid/spindloid or small round blue cell melanocyte [16] . Epithelioid and spindle cell pattern melanomas may be confused with poorly differentiated carcinoma, large cell lymphoma, sarcomas, sarcomatoid carcinomas, or inflammatory scarring process [22] . The range of morphological aspects of amelanotic melanomas requires immunohistochemistry to establish a correct diagnosis [1] . The most useful markers for the identification of melanocytes and melanomas are HMB-45, S100, Melan-A, MITF, and tyrosinase [8, 20] .
Malignant melanoma with bone or cartilage formation has been widely described in humans for more than 30 years, but only few studies on its occurrence in dogs have been reported [5, 10, 14] . Since then, there have been few or no reports on primary oral melanoma with osteocartilaginous differentiation and metastasis in dogs. The objective of this report was to describe, in a temporal way, the histopathological and immunohistochemical characteristics of an oral amelanotic melanoma in a dog, with osteocartilaginous differentiation and metastasis.
CASE
A 10-year-old male German Shepherd dog, presenting mouth bleeding was received at the Veterinary Hospital of the Catholic University Dom Bosco (UCDB), Campo Grande, MS, Brazil. At the clinical examination, a small reddish nodule (1 cm), located in the gums on the incisive upper teeth was observed. The tumor was removed and a sample was collected and fixed in 10% buffered formalin solution for histopathological analysis. During the subsequent months, clinical examination detected the tumor recurrence and, every two months, four surgeries were performed for tumor removal. A fragment of tumor of each biopsy was sent for histopathological examination. In addition, radiological monitoring was performed to detect the tumor local invasion and lung metastasis. The animal died due to an intense hydrothorax and pulmonary metastasis 11 months after the first surgical intervention.
For radiographs of the incisor and upper canine teeth, an open-mouth rostrocaudal projection was used in ventrodorsal decubitus. The X-ray beam was directed at 30° for these teeth. For the chest projections, the right-left and ventrodorsal were used.
Fragments of the tumor collected from the five biopsies (times 1 to 5), and from the necropsy (time 6), were fixed in 10% buffered formalin solution, paraffin--embedded, sectioned at 5µm, and sections stained with Hematoxylin and Eosin (H&E). Specific staining with Alcian blue (pH2.5) for the demonstration of myxoid and cartilaginous material was performed; as well as, Masson's trichrome stain for connective tissue. In order to confirm the diagnosis of amelanotic melanoma, immunohistochemical technique was performed at Time 5 and Time 6 using tissue sections of 3µm thick. Briefly, the sections were placed in the Pre-Treatment (Module PT Link™) 1 to process deparaffinization, rehydration and epitope retrieval. Endogenous peroxidase activity was blocked using Peroxidase-Blocking (EnVision™ FLEX) 1 . Tissue sections were subsequently incubated at room temperature with the HMB-45 1 monoclonal antibody and tyrosinase 1 monoclonal antibody to detect early unmelanized melanogenic compartment of melanocytes (melanosomes). The S100 1 polyclonal antibody and Melan-A 1 monoclonal antibody were used for the detection of melanocytes and melanocytic neoplastic cells.
Six follow-ups were performed (Time 1 to Time 6) using X-ray, macroscopy, and histopathologic analyses, as detailed below. A common general histological characteristic observed in every biopsy included an invasive pattern, in which the neoplasm extended into the connective tissue and no junctional activity was noted. Malignant cells showed a range of shapes, including spindle and epithelioid-shaped cells with mitotic figures, and no cytoplasmic melanin pigmentation was detected in the tumor fragments. Time 1. In the first clinical examination, the animal presented a red spongy-like mass of smooth surface with approximately 1cm in diameter ( Figure  1A ). Radiological analysis of the oral cavity demonstrated discrete resorption of the alveolar bone edge incisor, and no change in the lung was detected by chest radiographic examinations. Histopathological analyses showed spindle-cell types surrounded by a fibromatous matrix with moderate amounts of fibrovascular stroma and some neoplastic epithelioid cells ( Figure 1B ).
Time 2.
At the second follow-up, the tumor increased in size (3 cm), thus displacing the incisors, and showed sharp edges and necrotic spots on the surface (Figure 2A ). There was profuse bleeding at the site of the tumor. Radiological examination revealed an increased space between the front teeth with swelling of soft tissue and loss of normal trabecular pattern next to the incisors, but with no change in the chest. In the histopathological analysis, neoplastic spindle cells were found interspersed by an amorphous material constituted by myxoid, chondroid, and fibromatous tissue; areas of a purple material with epithelioid cells at the periphery were also observed ( Figure 2B) . Time 3. At the third follow-up, the tumor increased further in size (5 cm) with the same gross characteristics presented at Time 2 ( Figure 3A ). Radiographic examination revealed a marked presence of proliferative and lytic bone on the site, absence of 2nd and 3rd left incisors, and absence of pulmonary metastasis. The histopathological analysis demonstrated a chondro differentiation of epithelioid neoplastic cells displayed by some cartilaginous light matrix around small groups of round cells (chondrocytes) detected using Alcian blue (pH 2.5) staining ( Figure 3B ). Central areas of a dark blue material indicating irregular mineralized spicules were also observed.
Time 4. At the fourth follow-up, the tumor increased in size (8 cm) and presented a lobular shape surrounded by some purulent areas ( Figure 4A ). At this time, a dense connective tissue interspersed by many epithelioid, spindle cells with undelimited cytoplasm and groups of chondrocytes, as evidenced by Masson's trichrome staining, were also noted ( Figure 4B) .
Time 5. At the fifth follow-up, a full maxillectomy was performed on the animal as the mass relapsed with more intensity ( Figure 5A ); X-ray examination indicated large bone infiltration in the jaw. After maxillectomy, no lytic reactions or proliferative effects were observed in this bone tissue. Histologically, a predominance of masses of cartilage surrounded by spindle-shaped neoplastic cells ( Figure 5B ) with marked hyperchromatism, nuclear pleomorphism, and over four mitoses per field were observed. Melan-A positive neoplastic epithelioid and spindle cells were found around and inside the cartilage areas ( Figure  5C ). We also observed tyrosinase ( Figure 5D ) and HMB-45 positive immunoreactivity, while no S100 immunoreactivity was detected.
Time 6. The animal presented a strong dyspnea and cyanosis and subsequently died. Pleural effusion and radiopaque disseminated nodules of 1 cm in the lungs were detected by X-ray examination. However, no tumor was detected in the oral cavity. Radiographic imaging after thoracentesis displayed radiopacity in the left cranial thorax. The necropsy revealed an intense hydrothorax and multiple whitish and firm masses interspersed with reddish and soft areas, ranging from 3 to 10 cm in diameter, and occupying 80% of the lung parenchyma ( Figure 6A ). The microscopic evaluation demonstrated many masses of cartilaginous tissue with few spindle and epithelioid neoplastic cells at the periphery of the parenchyma ( Figure 6B ). Melan-A positive cells were found around and inside some cartilage cells. In contrast, no positive immunoreactivity to HMB-45, S100, and tyrosinase was observed.
DISCUSSION
The dog was first diagnosed with fibromatous epulis based on the histopathologic findings of fibroblastic tissue and spindle cells with intense vascularization associated to the site of the tumor and its macroscopic aspect. Indeed, fibromatous epulis is a general clinical term for a gingival growing mass [7] .
The recurrence and the malignant characteristics (invasiveness and consequent profuse bleeding) displayed by the tumor in the second follow-up, associated to the histologic aspect of myxoid and chondroid tissue, led us to carry out a more detailed study of the neoplasia. The histopathological analysis of the third biopsy clearly showed the undifferentiated character of epithelioid neoplastic cells, demonstrated by the increase of cartilage and osteoid tissue and the mineral deposit. The myxoid matrix formed by the increasing concentration of mucin, detected here using Alcian blue staining, was considered to be in an early stage of cartilaginous matrix formation [10] .
Although no cytoplasmic melanin pigmentation was detected in the tumor fragments, the diagnosis of malignant amelanotic melanoma had to be considered, because its diagnosis is extremely challenging in the absence of melanin pigments [12] . The presence of significant collagen matrix and spindle cells within collagen fibers, well observed in the fourth biopsy, indicated that neoplastic melanocytes actively produced collagen and osteoid backgrounds within the dense connective tissue. This demonstrated the ability of melanocytes to make mesenchymal elements [5] .
It is important to address the fact that after each surgery the tumor returned even larger, aggressive, and infiltrative. As a consequence, a maxillectomy was necessary at Time 5. In this biopsy, the neoplastic cartilage component predominated as demonstrated by irregular masses of cartilaginous matrix, strongly positive for Alcian blue (pH2.5). The phenomenon of the tumor stroma to form cartilage and bone is highlighted here because myxoid change and cartilage formation were frequently observed at the site where amelanotic spindle cells were actively proliferating [10] . It is possible that neoplastic melanocytic cells themselves were involved in the development of the osteocartilaginous areas. The origin of the osteocartilaginous components is not well established but may result from pseudosarcomatous differentiation of neoplastic melanocytes or from metaplasia of the surrounding stroma in response to osteogenic factors produced during invasion by melanoma cells [14] .
Although the immunohistochemical analysis showed a negative workup for S100 at Time 5, specific melanocytic markers for melanoma such as Melan-A, tyrosinase, and HMB-45 detected the presence of neoplastic melanocytes and unmelanized melanosomes. These markers have been considered useful for dog and human melanoma, and have a high specificity of 95-100% [9, 19] . Moreover, the S100 negative melanomas occurred in up to 4% of the cases because S100 protein is not specific to melanoma, but also stains peripheral nerve sheath tumors, some sarcomas, salivary gland carcinomas, Langerhans cell histiocytosis, and other hematolymphoid tumors [4, 9] .
The negative HMB-45, S100, and tyrosinase expression in lung metastasis at Time 6, with preservation of immunoreactivity of the melanocytic marker Melan-A, may be due to the proliferation of a cell subpopulation that was not present in the oral biopsies. Melanomas are well known to express aberrant markers and are also known to display occasional loss of their classic immunophenotype, thus causing problems for histopathological diagnosis [2] . Metastasis in melanoma has a propensity for antigenic shift; therefore, negative or low intensity labeling cases can be interpreted as poorly differentiated and highly malignant tumors [11, 13] .
The tumor showed a local invasive behavior, confirmed by X-ray, but no metastasis to local lymph nodes was identified, which is usually described to be a primary site for malignant melanomas and other malignancies of the head [18] . There are two points that deserve comments. First, pulmonary changes by X-ray were only detected 1 year after the appearance of the tumor in the oral cavity. Thus, it is necessary to use more accurate techniques of image analysis in order to detect early tumor staging and provide better prognosis [17] . Second, the fact that the tumor was resected four times to improve the animal's feeding could have contributed to the dissemination of neoplastic cells. Indeed, previous studies have reported that biopsies may be unfavorable to the clinical course of the disease [21] .
In the present case, the neoplastic pattern was consistent with an osteocartilaginous amelanotic melanoma. The present report is one of only few that describes this disease in dogs. Amelanotic melanoma can be underdiagnosed due to rapid progression of the tumor allied to the dedifferentiation ability of melanocytes. In this regard, the use of immunohistochemical markers was determinant in the diagnosis because, even in the most advanced stage, the neoplasia did not present macroscopic and microscopic features of melanoma. 
